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active agents were delivered as early as possible in the course of therapy. Based on this concept, in trial ALL-BFM 76 an intensive reinduction therapy shortly after induction was introduced for patients with increased risk of failure. This turned out to be a very important step toward further improvement of
The initial leukemic cell burden, retrospectively estimated as a continuous risk factor from the blast count in the blood and size of liver and spleen, was the most important prognostic factor in the unstratified pilot study ALL-BFM 70, and was used for stratification of therapy in trials ALL-BFM 8 1, 83, and 86.2,4 The kinetics of the initial response to therapy as a predictor of treatment outcome was first described by Jacquillat et a1 in 1973.s In the trial ALL-BFM 83, the in vivo response to prednisone was prospectively evaluated for its prognostic significance. A blast cell count of 2 1 ,OOO/pL in the blood on day 8 after a 7-day exposure to prednisone and one initial intrathecal (i. th.) dose of methotrexate (MTX) identified 10% of the patients as having a significantly worse prognosis. 6 Therefore, in trial ALL-BFM 86, high-risk ALL was defined by poor in vivo response to prednisone replacing the leukemic cell burden. Patients with 3 1 ,OOO/pL blasts in the blood on day 8 after a 7-day exposure to prednisone and one initial i. th. dose of MTX then received an experimental therapy protocol immediately after induction therapy. This experimental protocol was based on high-dose (HD) MTX, HD-cytarabine, ifosfamide, and mitoxantrone that had shown activity in refractory leukemia and lymphoma.'"" Because the majority of relapses still occurred in the large group of patients with good response to prednisone but with Initially, reinduction therapy was omitted for patients with low leukemic cell mass in trial ALL-BFM 86. However, it was re-introduced when, with longer follow-up of the preceding trial ALL-BFM 83, the event-free interval became significantly worse for low-risk patients without reinduction compared to those with reinduction therapy." After this protocol amendment, the trial ALL-BFM 86 provided a basis to evaluate the effects of this intensive therapy regimen on a large group of unselected children with ALL.
MATERIALS AND METHODS

Patients.
From October 1986 through March 1990, 1,114 patients up to 18 years of age were enrolled in trial ALL-BFM 86 from 61 pediatric hospitals in Germany and Austria. Informed consent was obtained for each patient. Forty-one patients (3.7%), diagnosed with acute B-cell leukemia (French-American-British [FAB] L3 cytomorphology) are reported elsewhere." Of the remaining 1,073 patients, 75 (7.0%) were nonprotocol patients who were excluded from evaluation of treatment results for the following reasons: no therapy applied (2 patients, 1 death, 1 patient without follow-up data); in vivo response to prednisone not evaluable because of previous antileukemic treatment (19 patients, 3 adverse events) or exchange transfusion (3 patients, 2 early death on day 1 and 2, 1 relapse); major protocol violation that was not enforced by the course of disease or treatment, eg, complete therapy protocols were not applied or replaced for different treatment (35 patients, 20 adverse events); premature withdrawal from therapy (3 patients, no information on follow-up); lack of essential data (2 patients, in continuous complete remission [CCR] ); patients treated according to the pilot protocol ALL-BFM 90 (5 patients, 3 adverse events); patients treated in nonmember hospitals (6 patients, 3 adverse events). Finally, 998 protocol patients were evaluable for results of treatment.
Diagnosis. ALL was diagnosed when 25% lymphoblasts or more were present in the bone marrow (BM). BM and blood smears as well as liquor cytospin preparations were stained using a modified Wright-staining technique and cytochemistry reactions (periodic acid Schiff reaction, acid phosphatase, (Y naphthyl acetate esterase, and myeloperoxidase reaction) and reviewed in the study center using FAB criteria."
The definition of CNS involvement was based on 25/pL cells in the cerebrospinal fluid (CSF) and the presence of lymphoblasts or the detection of intracerebral infiltrates on cranial computed tomoImmunophenotyping. Immunophenotyping was performed as described e1~ewhere.l~ The criterion for marker positivity was expression by 220% of the blasts (surface antigens) or intracytoplasmic (cy)/intranuclear detection (cyIgM, cyCD3, TdT) in 210% of the leukemic cells. Immunophenotypic subgroups were defined as follows: he-pre-B ALL: TdT', CD19+, CDIO-, cyIgM-, surface Ig (sIg)-; common (c) ALL: TdT+, CD19', CDIO', cyIgM-, sIg-; pre-B ALL: TdT+, CD19+, CD10+", cyIgM', sIg-; T-ALL: TdT', cyCD3+, CD7+. Coexpression of myeloid antigen(s) was defined as simultaneous expression of one or more of the myeloid-lineage associated molecules tested (CD13, CD33, CDw65) on at least 20% of the lymphoblasts. Mixed lymphoidlmyeloid phenotype was degraphy. fined as coexistence of two different blast populations, expressing either a lymphoid or a myeloid phenotype. An acute, undifferentiated leukemia (AUL) was diagnosed in cases with morphologically/cytochemically unclassifiable leukemia according to FAB criteria, CD45-positivity, but no evidence of B-, T-or myeloid lineage associated antigens, irrespective of HLA-DR-, TdT-, and CD34-reactivity.
Chromosome analysis. Cytogenetic studies were performed using standard techniques as described elsewhere." DNA index. Cellular DNA content was determined in one central laboratory using flow cytometty as previously described.'6 The DNA index of the leukemic blasts was defined as the ratio of DNA content in leukemic GO/GI cells to that of normal diploid lymphocytes. A cut-off of 1.16 Dejinition of prednisone poor response. Therapy for all patients started with a 7-day monotherapy with prednisone and an i.th. MTX dose on day 1. Dosage of prednisone was adjusted according to leukemic cell mass, renal, and metabolic parameters to circumvent complications of acute cell lysis, then carefully increased to 60 mg/ m' daily. The number of leukemic blasts in the blood on day 8 was calculated from the absolute leukocyte count and percentage of blasts in peripheral blood smears. AI1 probes were reviewed in the study center. The presence of 2 I,OOO/pL blasts in the blood on day 8 was defined as prednisone poor response.6
Treatment and treatment strat$cation. Therapy was stratified into the three branches Standard Risk Group (SRG), Risk Group (RC), and Experimental Group (EG), mainly according to the leukemic cell mass estimate (W) and the treatment response. SRG: < l,OOO/pL blood blasts on day 8, risk factor <0.8, no CNS disease, no mediastinal mass; RG: <l,OoO/pL blood blasts on day 8, risk factor 20.8, or risk factor <0.8 and CNS disease orland presence of a mediastinal mass; EG: zl,OOO/pL blood blasts on day 8, or >5% marrow blasts on day 40, or acute undifferentiated leukemia.
The treatment strategy is shown in Fig 1. All patients received induction protocol I. In branch SRG, therapy was continued with the consolidation/extracompartment protocol M and maintenance therapy (oral 6-mercaptopurine, 50 mg/m' daily and MTX 20 mg/ m' once a week). No CNS irradiation was performed. RC patients received protocol M, reinduction protocol 11, CNS irradiation, and maintenance therapy. Patients of branch RG who were still in their first remission after 1 year were randomized to receive (stratum RG-2) or to not receive (stratum RG-l) late intensification protocol S, if parents gave informed consent. Patients of branch EG received protocol E after induction therapy, followed by reinduction protocol 11, CNS irradiation, and maintenance therapy. Allogeneic BM transplantation (BMT) was optional in branch EG.
The protocol was amended in October 1988 because follow-up analysis of trial ALL-BFM 83 showed a significant difference between the randomized branches with and without reinduction therapy for patients with a risk factor RF < 0.8 in favor of the reinduction branch." Therefore, reinduction protocol I1 was introduced in branch SRG. At the same time, results of a randomization comparing 18 versus 24 months total therapy duration in trials ALL-BFM 81 and 83 showed an advantage for a therapy duration of 24 months." Thus, the total therapy duration was subsequently extended from 18 to 24 months in trial ALL-BFM 86.
The compositions of protocol I, M, E, 11, and S are given in Table  1 . In protocol M and in protocol E, 10% of the HD-MTX was given intravenously (IV) as a loading dose over 30 minutes. Ninety percent of the dose was administered as continuous IV infusion over 23.5 hours. I.th. MTX was administered at hour 2 in an age-adapted dosage. The citrovorum factor (CF) rescue was started at hour 36
Branch
SRG
EG
with 75 mg/m2 IV, followed by 5 doses of 15 mg/m2 IV/po every 3 hours and additional 4 doses every 6 hours. In October 1988 the CF rescue was reduced to 6 doses of 15 mg/m2 every 6 hours.
Cranial irradiation was give11 in branches RG and EG during the second phase of reinduction protocol 11 at age dosages adapted for age and leukemic cell mass (risk factor): age <year: no radiotherapy, even with overt CNS disease; age 1 -<2 years: 12 Gy (18 Gy if CNS positive); age 2 2 years: branch RG, risk factor 0.8 -<1.2, 12 Gy; risk factor 21.2, 18 Gy; branch EG, 18 Gy (24 Gy if CNS positive).
Local radiotherapy at a dose of 30 Gy was performed in two cases with a persistent mediastinal tumor after induction protocol I. In males with clinically overt testicular involvement, local irradiation (24 Gy) was performed.
Response criteria. Complete remission (CR) was defined as the absence of leukemic blasts in blood and CSF, fewer than 5% lymphoblasts in marrow aspiration smears, and no evidence of localized disease. Relapse was defined as recurrence of lymphoblasts or localized leukemic infiltrates at any site.
Statistical analysis. Patients of branch RG who were still in CCR after 1 year were randomized to receive (stratum RG-2) or not to receive (stratum RG-I) late intensification protocol S, if parents gave informed consent. The randomization was weighted for sex and participating hospitals. The following assumptions were made based on the results of the previous studies: Ten percent of the patients of branch RG will suffer from relapse during the first year, another 20% of patients will have relapse hazards subsequently until the end of the fifth year. Sample size considerations resulted in 200 patients needed for each of the randomization branches RG-1 and RG-2 to detect a decrease of the relapse incidence during the second and the subsequent years by late intensification in the 13th month from 20% to 10% with a test power of 0.80 (a error = 0.05).lx The Kaplan Meier method" was used to estimate survival rates with differences compared by the two-sided log-rank test?" Eventfree survival (EFS) was calculated from the first day of treatment to the time of analysis or to the first event. Failure to achieve remission (early death, resistent leukemia), relapse, death during CCR, and second malignancy were evaluated as events. Patients lost to follow-up were censored at the time of their withdrawal. For the patients of the randomized strata RG-l and RG-2 the event-free interval was calculated from the beginning of the 13th month to termination of first remission (relapse, death in CCR, second malignancy) or to the time of analysis.
Differences in the distribution of variables among patient subsets were analyzed using the x' test for categorized variables and the Wilcoxon rank-sum test for continuous variables.
Differences between EFS distributions for patient subpopulations were evaluated using two-sided log-rank tests" for subsets characterized by categorical variables. The Cox regression analysis" was used to test for a trend of EFS distributions between patient subsets defined by scores of the classified variables age, white blood cell count (WBC), and leukemic cell mass estimate (RF). For the variable age, the squared deviation from the mean score was added to the model. The prognostic relevance of clinical and biologic variables in the whole group was examined by a stepwise Cox regression analysis.*' For the continuous variables age, WBC, and RF multiple cut-off points were used, each of which divided all patients into two complementary subsets. Data on the DNA index of the blasts were available from 42% of patients. The variables with significant prognostic influence in the whole group ( P < .05) were used as covariables in a Cox regression model to test the prognostic relevance of the DNA index in that subset of patients.
The first l10 patients of branch SRG enrolled from October I986 to March 1988 did not receive reinduction therapy. The following 175 patients of branch SRG enrolled since April 1988 received reinduction protocol 11 because of the protocol amendment of October 1988. Treatment results for patients of branch SRG were analyzed separately for those who received reinduction therapy and those who did not. For the analysis of the prognostic relevance of clinical and biologic variables, the first 110 patients of branch SRG who did not receive reinduction therapy were excluded because their treatment is to he considered inadequate. One hundred forty-four patients (30 of branch SRG, 90 of branch RG, 24 of branch EG) enrolled from October through March I987 received only 18 months of therapy. All patients enrolled since April 1987 received maintenance therapy up to 24 months. In the statistical analyses no adjustments were made for those patients receiving only 18 months' therapy duration. All statistical tests were explorative and descriptive with the exception of the planned test RG-1 versus RG-2. Computations were performed using the SAS program PHREG (SAS-PC, Version 6.04; SAS Institute Inc, Cary, NC). The cut-off for all analyses of treatment results was September 1, 1993. 
RESULTS
Patient characteristics.
Late intensification protocol S Prednisone (orally) 100 mg/m2 Vindesine (IV) 3 mg/m2
Teniposide (IV) 150 mg/m2 lfosfamide (IV) 1,000 mg/m2 every 12 h Cytarabine 2,000 mg/m2 every 12 h (max 5 mg) 1-28 8, 15, 22, 29 8. 15, 22, 29 19, 22, 25, 28, 31, 34, 37, 40 43,71 45-48. 52-55, 59-62, 66-69 43-70 1, 45, 59 1-56 8, 22, 36, 50 8, 22, 36, 50 1-7, 15-21, 29-35, 43-49 1, 2, 29, 30 15, 16, 43, 44 1, 15, 29, 43 8, 22, 36, 50 8, 22, 36, 50 1-21 8, 15, 22, 29 8, 15, 22, 29 8, 11, 15, 18 36 38-41, 45-48 36- 
38 (51) 37 (49) 5 (7) 45 (60) 12 (16) 13 (17) 23 (31) 24 (32) 18 (24) 10 (13) 36 (48) 22 (29) 17 (23) 6 (8) 12 (16) 30 (40) 11 ( response. Prednisone poor response was associated with age less than 1 year, increased leukemic cell mass (risk factor 2 1.2), WBC z50,000/~L, and the immunophenotypes prepre-B ALL and T-cell ALL ( P < .001, x' test). The initial prednisone dose was adjusted according to W C counts at diagnosis to circumvent acute cell lysis complications. The cumulative prednisone dose during the 7-day prephase was available from 947 of the 998 protocol patients. The interrelationships between WBC at diagnosis, cumulative prednisone dose during the 7-day test, and the number of blasts per microliter of blood on day 8 were as follows: The cumulative prednisone dose was inversely correlated with the WBC counts at diagnosis (Spearman correlation coefficient -.31672, P < .0001); the number of blood blasts on day 8 was correlated with the WBC at diagnosis (Spearman correlation coefficient .47218, P < .0001); the number of blasts per microliter blood on day 8 was inversely correlated with the cumulative prednisone dose, but the correlation was low (Spearman correlation coefficient -. 13170, P < .0001). The median cumulative dose of prednisone administered during days I through 7 was 318 mg/m' (25% quantile 268 mg/m2, 75% quantile 392 mg/m2) for patients with 2 1 ,OOO/pL blood blasts at day 8 compared with 363 mg/mz (25% quantile 300 mg/m*, 75% quantile 412 mg/m*) for patients with <1,000/ pL blood blasts on day 8 ( P < .0004, Wilcoxon test). Among patients with WBC of r50,000/pL at diagnosis the cumulative dose of prednisone during the 7-day test was not significantly different between patients with a blast count in the blood of 2 l,OOO/pL on day 8 (median 315 mg/m2, 25% quantile 259 mg/m2, 75% quantile 390 mg/m') and those with a blast count of < 1 ,OOO/pL on day 8 (median 307 mg/ m', 25% quantile 255 mg/m', 75% quantile 362 mg/m2), P = ,7361 (Wilcoxon test).
Of the 998 protocol patients 285 (28.6%) were placed into branch SRC, 610 (61.1%) in branch RC, and 103 (10.3%) in branch EG. The clinical and biologic features of the patients of the three stratification branches are presented in Table 3 . Within branch SRG the distributions of age, WBC at diagnosis, and immunophenotypes were comparable between the patients who did not receive reinduction therapy compared with patients who did.
Treatment results. At a median follow-up of 5.0 years (range 3.4 to 6.9 years) the estimate for a 6-year duration of EFS (pEFS) was 71% t 1% for all 1,073 patients registered with non-B-cell ALL, 5 1% 2 8% for the 75 nonprotocol patients, and 72% t 2% for the 998 evaluable protocol patients (Fig 2) . The 75 nonprotocol patients were excluded from the analysis of treatment results. Table 4 presents treatment results of the 998 evaluable protocol patients. Of these, 985 patients (98.7%) achieved CR. Of the 13 patients who did not enter remission, 1 patient died of renal failure on day 3, 5 died an early toxic death, and 7 had resistant leukemia. Two hundred thirty-three patients (23.3%) suffered from relapse. Thirteen patients died while in CCR and 3 patients developed a second malignancy: acute myeloid leukemia in 2 patients (18 and 36 months after the diagnosis of ALL), and a brain tumor in 1 (4.2 years after the diagnosis of ALL). Seven hundred thirty-four patients (73.5%) were still in their first CCR. The 6-year EFS estimate according to treatment branch was 58% t 5% for the first 110 patients of branch SRC who did not receive reinduction, 87% t 3% for the next 175 patients of branch SRG who did receive reinduction therapy, 75% -C 2% for patients of branch RG, and 48% t 5% for the patients of branch EG (Fig 3) . When the first 110 patients of branch SRG who did not receive reinduction are excluded from analysis, the estimate for pEFS at 6 years for the remaining 888 patients of all branches together was 74% t 2%.
Experimental branch EG. Two patients were placed into branch EG because of AUL and mixed-lineage leukemia, respectively (Table 3) ; both patients are in CCR. Ninetyfive patients qualified for branch EG by prednisone poor response. Two of them died before day 40 of infection and progressive disease, respectively; 79 achieved CR on day 40; 41 of them (52%) were still in their first CCR. Fourteen of the prednisone poor responders did not achieve CR on day 40. Six patients who had less than l,OOO/pL blood blasts on day 8 were included in branch EG because of the presence of greater than 5% blasts in the marrow on day 40. Twenty patients had more than 5% blasts in the marrow on day 40, 6 never achieved remission and died, 9 achieved remission after completion of induction protocol I, and 5 entered remission during protocol E. Of these 14 patients who remitted, 5 suffered from relapse, 2 died of BMT-related toxicity, and a third patient died from toxic death during maintenance. Allogeneic BMT in first remission was performed in another 4 patients of branch EG: 3 of them suffered from relapse and died; only 1 patient survived event-free. Almost all relapses in branch EG occurred within 2 years after diagnosis compared with a longer relapse cascade in branches SRG and RC (Fig 3) . The estimated probability of a 6-year EFS for patients with prednisone poor response was 48% t 5% (n = 95) in trial ALL-BFM 86 compared with 39 t 7 (n = 49) in the preceding trial ALL-BFM 83 ( P > .l, log-rank test; test power = 40%").
The main toxicity of the investigational protocol E was severe myelosuppression leading to considerable delay in treatment realization. The median time for the completion of protocol E was 13 weeks (range 9 to 16 weeks). No patient died during protocol E because of therapy-related complications.
Randomized trial for late intensiJication in branch RG. By randomization, 62 patients entered stratum RC-1 without late intensification and 66 patients entered stratum RG-2 and received late intensification in the 13th month. There was no apparent difference in the distribution of immunophenotypes, age, and leukocyte counts among both randomization strata. Eleven of the 62 patients (18%) in branch RG-1 and 12 of the 66 patients (18%) in branch RC-2 suffered from relapse during the second and subsequent years. The median follow-up of patients is 6.1 (range 4.5 to 6.8) years in branch RG-1 and 5.6 (range 4.5 to 6.8) years in branch RG-2. In both strata no patient died a toxic death. The estimated probability for a 5-year duration of event-free interval beginning with the 13th month was 82% 2 5% for RG-l and 80% ? 5% for RG-2 ( P = 3 ) . 15 (15) 35 (35) 16 (16) 35 (35) 1 ( Relapses. BM was the most frequent site of relapse (Table 4). Only 1.8% of the patients suffered from isolated CNS relapse, and the overall rate of relapses with CNS involvement was 4.6%. CNS relapse rates in branch SRG (without cranial irradiation) and RG (with cranial irradiation) were comparable. However, in branch EG the proportion of patients who suffered from CNS relapses was higher (7% isolated CNS relapses). In branch RG, 323 of the 610 patients (53%) received cranial irradiation with the reduced dosage of 12 Gy because they had a risk factor of < 1.2 and no CNS disease. One of them suffered from isolated CNS relapse and five suffered a combined CNS/BM relapse. The pattern of the site of failure was similar between immunophenotypes except for the pre-pre-B type in which CNS involvement was rare. However, the time periods at which relapses occurred after achieving remission were different for patients with different immunophenotypes: T-ALL, 2 to 29 (median 12) months; pre-pre-B ALL, 5 to 37 (median 15) months; common-ALL, 1 to 56 (median 25) months; pre-B ALL, 2
to 64 (median 21) months. The differences were significant between T-ALL and common-ALL (P = .0002), T-ALL and pre-B ALL (P < .006), and between pre-pre-B ALL and common-ALL (P < .03) using the Wilcoxon rank-sum test. Toxic death. Five patients died an early toxic death during the first 40 days of induction therapy: three patients died of septicemia (one of them had Down's syndrome), a second patient with Down's syndrome died of varicella pneumonia, the fifth patient died because of cerebral hemorrhage. Thirteen patients died while in CCR. In branch EG, one patient died of fungal infection before protocol E was applied, two patients died of BMT-related toxicity, and three patients died REITER ET AL after 6, 16, and 19 months, respectively, because of cardiomyopathy. Autopsy in one of them showed an aneurysm of the myocard. In branches SRC and R C three patients died of infections, and one patient each died due to Wernicke encephalopathy, hemophagocytic syndrome, cerebral bleeding because of arterio-venous angioma (after 39 months), and accident.
Prognostic yurcrrneters. Therapy results according to pretreatment and response parameters are given in Table 5 . The first 1 I O patients of branch SRC who did not receive reinduction before the amendment of the protocol were excluded from that analysis because their treatment was considered inadequate. For the remaining group of 888 patients, all of whom received induction and reinduction therapy, the estimate of a 6-year EFS was 74% 2 2%. Variables that had an adverse association with EFS were age less than 1 year, increased leukemic cell mass (RF of 1.2 and more), WBC of 20,00O/pL or more, the immunophenotype pre-pre-B, FAB L2 cytomorphology, and a prednisone poor response. Patients with more than 5% blasts in the marrow on day 40 of induction therapy had a worse outcome; only 6 of 20 of those patients remained in CCR. Features associated with favorable outcome were age 1 to 5 years old, low leukemic cell mass (RF <OX), WBC below 20,00O/yL, and a DNA index of the leukemic blasts 2 I . 16.
In the Cox stepwise regression analysis a prednisone poor response, a day 40 marrow with more than 5% blasts, WBC 220,000//1L, 2200,00O/p,L, age 2 6 years, male gender, a hemoglobin value 2 8 g/lOO mL at diagnosis. Down's syndrome, and an increased leukemic cell mass (RF 20.8) re- t Pre-pre-B v c-ALL ( P < .0001); pre-pre-B v pre-B ( P = .013); prepre-B v T ( P = .029); pre-B VC-ALL ( P = .OS); pre-B v T ( P = .g); T v C-ALL ( P = .096).
* No. of patients in CCR. Prednisone poor response (zI,OOO/pL blood blasts on day 8 )
29
.0016
Leukemic cell mass RF sO.8
.0358
Age 2 Table 6 , data on one or more of the variables to be included in the Cox stepwise regression analysis were lacking. WBC was analyzed at cut-off points (X103pL): 220, a50, s100, 2200; RF was analyzed at cut-off points 20.8, 21.2, 21.7.
* All variables of Table 6 were included in the model building process except cytogenetics, DNA index, and the presence or absence of a mediastinal mass.
mained significant predictors of an impaired prognosis in the whole group (Table 6 ), whereas age under 1 year lost predictive strength. The presence of a mediastinal mass was a predictor of better outcome in the multivariate analysis (P = .OO01, risk ratio = .321). If the presence of a mediastinal mass was excluded as a covariable from the model the immunophenotype T cell gained predictive strength for a better outcome in the multivariate analysis ( Table 6 ). Detailed analysis showed that in subsets of patients defined by the adverse prognostic factors male gender, higher W C , and age 26
years old, patients with T-ALL had a better outcome than non-T-ALL patients. For instance, among patients with WBC 220,OO0/pL pEFS at 6 years was 69% 2 5% for T-ALL patients compared with 58% -C 3% for the complementary group of patients with an immunophenotype other than T cell. Other immunophenotypes had no predictive strength for treatment outcome in the multivariate analysis. The adverse association of the immunophenotype pre-pre-B with treatment results was abolished in the subset of patients 1 year of age and older (Fig 4) . Although a prednisone poor response was associated with age less than 1 year, increased leukemic cell mass, increased W C , and the immunophenotypes pre-pre-B ALL and T-cell ALL, the in vivo response to prednisone added prognostic strength in addition to these parameters. A blast cell count in the blood on day 8 of either < 1 ,OOO/pL or l,OOO/pL subdivided each patient group stratified by age, leukemic cell mass, W C , and immunophenotype in two complementary subsets with a significant different EFS estimate (Table 7) . Cytogenetics and DNA index were excluded from the multivariate analysis of prognostic factors in the whole group because these parameters were available only from part of the patients. The DNA index of blasts was available from 42% of the patients. The distribution of clinical and biologic Patients of branch SRG without reinduction therapy were excluded from this analysis.
features was comparable among patients with and without available data on DNA index as was the estimate of EFS (75% 2 2% v 74% f 2%, P = .g). By multivariate analysis, a DNA index z 1.16 did not add significantly to the prediction of treatment outcome ( P = .0772, risk ratio = S12) in this subset of patients if the variables with significant prognostic influence in the whole group (sex, age, WBC, leukemic cell mass, prednisone poor response) were used as covariates in the Cox regression model. However, a DNA index 2 1.16 gained predictive significance ( P < .OS), if WBC was excluded from the model.
DISCUSSION
Nine hundred ninety-eight evaluable patients were enrolled in study ALL-BFM 86. The median follow-up was 5 years at the time of analysis, so some conclusions can be drawn as to treatment outcome. The estimated 6-year EFS was 72% 2 2% for the whole study population including all subsets of childhood ALL with the exception of the small group of B-cell ALL. When the first 110 patients of branch SRG who did not receive reinduction were excluded from the analysis, the estimated 6-year EFS for the remaining 888 patients of all branches was 74% f 2%. Except for the 10% of patients with a poor initial response to therapy and patients with a Philadelphia chromosome-positive ALL, the treatment strategy of trial ALL-BFM 86 provided all subsets of patients with an acceptable chance of surviving event-free. Even infants and patients with a very high leukemic cell mass had an estimated probability of EFS z 50% if they had an adequate in vivo response during the first 7 days of treatment. Patients with T-cell ALL had a favorable EFS with this intensive treatment regimen, similar as observed in a Dana-Farber Institute study with a comparable intensive thera~y.2~ Except for the experimental protocol E, treatment could be performed on an outpatient basis during most phases of therapy. The incidence rate of death because of therapy-related complications was less than 2% (including BMT-related mortality). With intensive treatment for all patients resulting in an improved overall EFS, well-known parameters such as WBC, the leukemic cell mass (RF), age, and sex were still strong predictors of treatment outcome. However, the early response to treatment itself added prognostic strength to those parameters. Persistence of more than 5% blasts in the marrow on day 40 of induction therapy was the strongest predictor of a worse prognosis by Cox regression analysis. Most of these patients were among the prednisone poor responders. A prednisone poor response, defined as 2 1,000/ pL blood blasts on day 8 after a 7-day exposure to prednisone and one i.th. MTX dose on day 1, seems to reflect highly resistant disease. It was the only variable that defined a patient subset of at least 10% of the whole group with an EFS of less than 50%.
Although a prednisone poor response was associated with other adverse prognostic parameters such as age less than 1 year and increased leukocyte count, it retained prognostic strength if those parameters were included as covariables in the Cox regression analysis. This powerful prognostic variable is able to be obtained easily and early in almost every patient, an important attribute for its use as stratification parameter in a large multicenter trial. Compared with the evaluation of the reduction of blasts in the marrow as a parameter of treatment responsez4 the measurement of blasts in the blood is rarely altered by technical problems, eg, dilution of probes. The shortcoming of the so-defined prednisone poor response is certainly that "poor response" in patients with low blast count at diagnosis is missed. In vitro assays such as the determination of the glucocorticoid receptor content of the leukemic blasts or in vitro steroid sensitivity tests may not have this limitati~n.'~.'~ However, the relation of these in vitro methods to the in vivo prednisone sensitivity test remains to be determined in larger studies. Only the immunophenotype pre-pre-B was associated with an impaired treatment result in the whole group of patients, but the adverse impact on outcome was abolished when the infants were excluded from the analysis. Although EFS of patients with different immunophenotypes was similar, the time periods in which relapses occurred were different, an aspect of interest in terms of therapy stratification, eg, the duration of maintenance therapy. With this treatment regimen T-ALL was even a favorable prognostic variable in the multivariate analysis of the entire group of ALL patients. However, the prednisone response subdivided patients with T-ALL in a subset of 73% of patients (< l,OOO/pL blood blasts on day 8) with an excellent 6-year EFS of 84% 4% and a subset of 27% of patients (zl,OOO/pL blood blasts on day 8) with poor outcome (Table 7) . A DNA index 2 1.16 of the leukemic blasts was associated with a favorable treatment outcome as previously reported by others.L7,27 Unfortunately, data on the DNA index were available from only 42% of the patients. In this patient subset a DNA index z 1.16 had a risk ratio below l in a multivariate analysis. However, statistical significance in predicting treatment outcome was lost after adjustments had been made for the in vivo response to prednisone, WBC, leukemic cell mass, age, and sex. The level of significance might have been different with a higher proportion of evaluable patients.
Prednisone poor responders had an unsatisfying treatment outcome although the experimental therapy component for this target group was mainly composed of drugs that have shown activity in refractory leukemia and l y m p h~m a .~"~~'~ The EFS estimate of these patients was higher compared with that of prednisone poor responders in the preceding trial ALL-BFM 83, but the difference was not significant statistically. However, the test power was low because of the limited numbers of prednisone poor responders in both studies. Therefore, an improvement cannot be excluded. The experimental protocol E might have been placed too late in the course of treatment. Furthermore, the incorporation of mitoxantrone was rather disadvantageous because of its long-lasting myelosuppression prohibiting continuation of any treatment. Mitoxantrone might have added critical cardiotoxicityZ9 because three patients of branch EG died of cardiomyopathy. This has never been experienced in patients of branches SRG and RG.
The contribution of HD-MTX to the overall treatment results of our trial is difficult to judge. A major contribution of HD-MTX 5 &m2 as a 24-hour infusion may be protection of the CNS because cytotoxic steady-state concentrations are achieved in the cerebrospinal and are boosted by an intrathecal MTX application. Only 1.8% of our patients suffered from isolated CNS relapses. Patients of branch SRG were not irradiated. In trial ALL-BFM 81 it was proven by randomization that for patients with a low leukemic cell mass (risk factor 0.8) cranial irradiation can be safely omitted." About 70% of our patients (patients of branches RG and EG) received cranial irradiation which has considerable late risk^.^'"^ However, roughly one half of the patients of branch RG (those with a risk factor of 0.8-<1.2 and no overt CNS disease) received a reduced dosage of 12 Gy, which had been shown in our previous trial ALL-BFM 83 to be as effective as 18 Gy to attain control of CNS leukemia in this patient subset when MTX was administered at an intermediate dose of 0.5 g/m2." The low incidence rate of CNS relapses in trial ALL-BM 86 suggests that cranial radiotherapy could be omitted for most of the CNS-patients, when HD-MTX as a 24-hour infusion and intrathecal MTX therapy is used. However, for patients characterized by poor initial response to treatment omission of cranial irradiation could be risky because the patients of branch EG had an increased incidence of CNS relapses in our trial (Table 4) . The importance of an intensive reinduction therapy even for patients with a low leukemic cell mass (RF <0.8), proven in a randomized trial in our previous study ALL-BFM 83," was sustained. The estimated 6-year EFS for patients of branch SRG who did not receive reinduction therapy was almost 30% lower than in those with reinduction therapy. Unfortunately, the randomized trial to test whether an additional late intensification in the 13th month would reduce the relapse incidence for patients with increased leukemic cell burden was compromised by an inadequate acceptance. Although the follow-up of the patients is still too short for final analysis, no valid information can be expected because of the small number of patients in both randomization branches.
Comparison of our treatment results with those of concurrent therapy studies in childhood ALL is difficult because most reports are restricted to selected subsets of patients. Only a few reports of contemporary therapeutic trials in childhood ALL are available with comparable overall results for the whole unselected group of ALL patient^.'^.^^.^' The value of an intensification therapy after induction was meanwhile confirmed in trials of other groups at least for patients of intermediate-or increased-risk f e a t~r e s .~~'~' In patients with favorable prognostic features, reductions of treatment intensity seem possible, maintaining the strategy of induction and reinduction therapy. In our regimen the cumulative dosage of anthracyclines in the induction and reinduction therapy was 280 mg/m', which potentially carries a late risk of cardiac function abnormalities in a proportion of the pat i e n t~.~~ Therefore, its dosage was reduced in our current BFM-ALL protocol. Treatment regimens based on antimetabolite components, glucocorticoids, vincristine, and Lasparaginase resulted in an intriguing 4-year EFS rate in selected subgroups of childhood ALL such as precursor Bcell ALL excluding infant^,^"' and in patients with WBC of less than 50,0OO/pL without mediastinal mass and without CNS disease:' Antimetabolite based regimens such as the ALinc 14 protocol of the Pediatric Oncology Group seem to be of particular efficacy for treatment of hyperdiploid ALL with a DNA index of > 1.1627,43 or, more specifically, for patients with a trisomy of chromosomes 4 and 10 of the leukemic blasts.44 Parameters reflecting the in vivo sensitivity of leukemic cells to a treatment such as genetic mark-ers27. 40.%45 or direct sensitivity tests, eg, the prednisone response, will allow a more accurate tailoring of treatment modalities in the future.
In the current and the forthcoming BF"ALL programs efforts are being undertaken to improve the treatment outcome of patients with initial poor response to treatment as well as to reduce the risk of long-term morbidity especially for favorable risk patients. However, the large group of children with ALL lacking known features of an extremely good or an extremely poor prognosis is of particular interest because, in absolute numbers, the majority of victims of ALL are found in this patient subset.
